An important hydrological task for flood dangerous regions of any country is an analysis of maximum flow trends of rivers because in these areas high floods of different genesis with significant and long-term flooding of the territories, sometimes with catastrophic consequences, have formed. In Ukraine the Carpathian Mountains belong to such regions.
INTRODUCTION
Flash floods in the Carpathian Rivers are the largest in Ukraine in height and intensity, and they are observed several times a year. Due to intense rains the floods are dangerous, sometimes even catastrophic, and they cause considerable damages not only to the economy (flooding lands, granaries, destruction of roads, bridges and other engineering communications) but also to human life. Sometimes stormy rainfall floods can be observed not only on large and medium rivers but also in small mountain watercourses. The values of the maximum discharges of the flash floods are very often exceeding floods of snowmelt water because the water yield during rainstorms is much more intense than during snowmelt. Therefore, analysis of trend changes of the maximum discharges of the flash floods has scientific and practical importance.
The present researches of the maximum flow in the rivers of the Ukrainian Carpathian are being carried out by numerous authors. For example, an analysis of the flood flow in the Tysa River basin has been carried out by Gopchenko, Grebin, Susidko, et al. [1] [2] [3] [4] [5] . However, any research of the maximum flow for small rivers has not been carried out. Therefore, the goal of this paper is a complex analysis of the maximum flow of the flash floods in small and medium rivers in the upper part of the Rika River basin and calculation of their statistical characteristics. The complex analysis includes the use of the hydrological genetic and statistical methods of the research of the observed data and the comparison of the results.
The main tasks of the research are as follows: -estimation of the homogeneity of the flood discharges by the total integral curve and Fisher and Student statistical criteria; -estimation of the stationarity of long-term fluctuations of the maximum discharges of the flash floods by an assessment of statistical significance of linear trends; -analysis of the difference integral curves of the observation series to reveal the regularity of cyclical fluctuations of the maximum flow; -determination of statistical hydrologic characteristics of the maximum discharges of rivers and streams; -definition of the phases of cyclical fluctuations of the water discharges in the Rika River basin.
DATA AND METHODOLOGY
The observation data from 16 water gauging stations were used for the research: 4 small (F basin = 10-100 km 2 ) and 2 medium (F basin = 100-1 000 km 2 ) rivers (according to the classification of the EU Water Framework Directive 2000/60/EC), and 5 streams within the Zacarpatska Waterbalance Station (ZWBS). The research object and water gauging stations (WGS) are presented in Fig. 1 . The period of observation on these water bodies is from 47 to 50 years (Table 1) . The ZWBS is located in the upper part of the Rika River basin (the right tributary of the Tysa River) with the closing water gauging station in the Mizhgirya Village (F basin = 550 km 2 ) (the western part of Ukraine) and occupies the south-west slopes of the East Carpathians within the heights from 434 to 1 599 m above the sea level. The river network is presented by ten rivers (Rika, Rypynka, Lopushna, Golyatynka, Studenyy, Pylypets, etc.) with the length from 7.1 to 31.3 km and more 500 streams by the length from 2 to 3 km. The catchment areas have changed in greater limits -from 10-15 to 550 km 2 . More detailed characteristics of the study area are described in the paper [6] .
Forming of the maximum flow of the flash floods (May-October) in the upper part of the Rika River is due to rainstorm or long-term steady rain. In the rivers and streams the flash floods were observed annually, but in particular years they were observed several times per year. These floods are characterized by significant height and intensity [5] . Sometimes the flash floods have catastrophic consequences.
The maximum discharges of the flash floods were obtained on the basis of complex graphs (discharge, air temperature, precipitation) for the calendar period of the year. In some years for some rivers and streams the observations are missing. Thus, the omissions in the observation data were restored by the method of pair regression by using the data of analogue streams and rivers and the HydroStat Cal program developed in the State Hydrological Institute (Russia). This method consists of the calculation of the regression equation using the data of analogue rivers. The data were restored under such conditions [8] :
where R is the correlation coefficient between the values of the maximal discharges in the research gauging station and an analogue gauging station; n is the number of joint years of the observations in the research gauging station and an analogue gauging station; k is the regression coefficient; σ k is the standard deviation of the regression coefficient. The estimation of the statistical hydrologic cha racteristics is carried out by the homogeneous data to receive accurate and reliable results [7] . The estimation of the homogeneity and stationarity of the observation series of the flood discharges was carried out by hydrological genetic and statistical methods.
The hydrological genetic methods are the following: 1) total integral curves the forms of which (presence or absence of any turning-point in the directions of the curves) will allow to find the influence of anthropogenic factors and the climate change on the formation of the river runoff; 2) difference integral curves that will allow to reveal the regularity in the cyclical fluctuations of the runoff in the catchment; 3) compatible chronological graphs.
The statistical methods are as follows: 1) statistical significance of the linear trends and 2) statistical criteria by the Fisher's (for dispersions) and Student's (for averages) test methods.
Estimation of the stationary of long-term fluctuations of the maximum flow is carried out by the assessment of statistical significance of linear trends [7] . In turn, statistical significance of the trends is defined by statistical significance of the correlation coefficient (R). The correlation coefficient of this dependence is estimated by the relation to the standard deviation (σ R ) [7] :
For 5% of the significance level or for the 95% confidential limit the value β = 2. If in the result of the calcula tions R > 2σ R , it will indicate no stationarity of the long-term fluctuations of the runoff, and, on the contrary, if R < 2σ R , it is the homogeneity of the runoff in the course of time. The standard deviation of the correlation coefficient for n > 25 is defined by the formula [7] : ,
where n is the length of the data series. A quantitative estimation of the homogeneity of the observation data is carried out by Fisher's and Student's generalization criteria which were developed in the State Hydrological Institute (Russia) [8] for 5% significant level with use of their autocorrelation. The autocorrelation coefficient (r(1)) is defined as follows [8] : (4) , where Q 1 and Q 2 are defined as follows: 
, where Q i is the value of the maximum discharge of the flash flood in every year; Q is the average of the maximum discharges of the flash flood in a long-term period; n is the length of the data series. According to the criteria, the time series are divided into two equal parts. The averages (x and y) and dispersions (σ x 2 and σ y 2 ) are calculated for each part of series. These calculations are later used for estimation of the Student (t) and Fisher statistics (F). In a general form, they are as follows [8] :
-the criterion of homogeneity of dispersions:
,
-the criterion of homogeneity of averages: ,
where σ x 2 and σ y 2 are the dispersions of the time series of the maximum discharges; n x and n y are the length of the first and second half series; x and y are the average values of the first and second parts of the series.
The calculated values of these criteria are compared with the critical values for 5% of the significance level. If the empirical value exceeds the critical value, it is considered as the disturbance of the stationarity for these observation series.
For comparison of the results, the graphs of the longterm dynamics were created using modulus coefficients (K A ) according to the following equation [8] :
where A i is the value of i -element of the series; A is the average of the series. An estimation of the homogeneity of the observation series of the maximum flow was carried out by the parametric statistical generalized criteria Fisher and Student taking into account the autocorrelation coefficient (Tables 1, 2 ). The analysis in Table 2 has At the same time, the estimation of the stationarity of long-time fluctuations of the maximum discharges of flash floods by the statistical value of the linear trend for 5% significant level has shown that in all WGS the observation data are stationary ( Table 3) .
The synchronous fluctuations of the maximum discharges of flash floods are observed in all water gauging Table 3 stations. Therefore, the observation data are homogeneous because they have equal directions. The examples of such fluctuations for some rivers and streams are shown in Figs. 3 and 4 . Therefore, as a result of the above-indicated, the series of observations of the maximum discharges of the flash floods in the rivers and streams of the Rika River basin are homogeneous and stationary. The same results are received in the paper [9] but the analysis of the trends was conducted by one statistical method (non-parametric MannKendall test). Down analysis allows using the apparatus of mathematical statistics for further calculations. The definition of the statistical parameters of the maximum discharges was carried out by the three-parameter gamma Table 4) .
The calculated probability characteristics of the maximum discharges of the flash floods will be corrected with prolongation of the observation series because the researched data are not representative for definition of the average value (the absence of full cycle fluctuations) (Fig. 3) .
The maximum flow of the flash floods of the rivers and streams in the studied region is characterized by three periods: 1) the phase of decrease of maximum discharges was from the start of observations till 1967; 2) the phases of increase of flood discharges were from 1967 till 1998 and from 1967 till 1998; 3) the phase of flood decrease has been from 1998 to the present time (Fig. 3) .
CONCLUSIONS
The observation data of the maximum discharges of the flash floods in the Rika River basin are homogeneous because the analysis of total integral curves does not have any significant turning-point in the directions. The absence of statistical significant trends is indicated on the stationarity of such observation data.
Estimation of homogeneity and stationarity of hydrological observation data by statistical methods does not always allow getting reliable results. This can be explained by the particularity of hydrological data (asymmetry, cyclicity, presence of distribution laws which differ from normal ones), which do not take into account such methods as generalization criteria Fisher's and Student's and the estimation of statistical significance of linear trends. Therefore, when estimating homogeneity and stationarity of flow, preference should be given to hydrological genetic methods (total and difference integral curves, compatible chronological graphs) because they, unlike statistical methods, take into account conditions of formation of the hydrological characteristics of the flow.
Since 1998, the decreasing phase of cyclical fluctuations of the maximum flow of flash floods has been present in the Rika River basin.
The calculated statistical parameters of time series of the maximum discharges of flash floods will become more reliable in the presence of full hydrological cycle (phases of increase and decrease of water flow) in consequence of prolongation of the length data by observation in the water gauging stations. 
